
The evolution of knowledge 

landscapes ïmeasurement, 

visualization, models and 

simulations

Andrea Scharnhorst
Analogous spaces, Ghent, May 14-17, 2008



Paul Otlet,  Mundaneum, http://www.mundaneum.be/

ñAlle Kennis van de Wereldò http://www.archive.org/details/paulotlet

Courtesy of Charles van den Heuvel

http://www.mundaneum.be/
http://www.archive.org/details/paulotlet


Modelling and 

simulating learning 

agents

Annimation by Thomas Huesing, Berlin



Outline

ÅPresent the concept ïgeneral level 

ÅPresent of different re-specifications 

ïCompetences

ïTechnologies

ïResearch practices



Evolution in a landscape
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Wright 1932:

Species in an

adaptive landscape 

(fitness landscape)

M. Pigliucci, J. Kaplan (2006) 

Making sense of evolution, 

University of Chicago Press



Complexity theory: stable states of a 

system are specific points in an ñ energy 

or entropy landscapeò - Prigogine
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Mathematical apparatus

Feistel, R. Ebeling, W. (1990) Evolution of complex systems.



Self-organized learning in a 

problem space

ÅPeople use different ñcompetencesò 

differently in different situations when they 

need to solve a problem ïcan be measured

ÅProject together with Anne Beaulieu, John 

Erpenbeck, Werner Ebeling, Thomas Hüsing

ÅEVOLINO



Better solution

Agents which use fact knowledge (selection ïcomparing solutions),

creativity (mutation ïcreating/testing solutions), 

imitation (social selection ïtalking, communicating)

ñTwo hills ïtestbedò

How to cross?



EVOLINO ïa web based 

simulation 

Go to Andrea Scharnhorst -> Current activities -> Evolino



Function of the model

ÅRe-specification: related to concepts in 
management theory, organization theory and 
psychology

ÅUsed as tool to link up different concepts as 
learning and use and change of competences

ÅUsed as training tool introducing into 
complexity theory (self-organized learning)



Technological evolution as 

search in an 

Innovation landscape

ÅProject together with Lutz Marz, 

Thomas Aigle, Ante Krstacic-Galic

ÅWissenschaftszentrum für 

Sozialforschung Berlin, working paper



Measuring the occupation of a technological 

space ïthe air plane case ïSaviotti, 

Bowman 1984
1930-44

1945-60 1961-83

1915-29# types

See: Scharnhorst, A. (2001) Constructing Knowledge Landscapes within the Framework of 

Geometrically Oriented Evolutionary Theories. In: Integrative Systems Approaches to Natural and 

Social Sciences. Ed. by M. Matthies, H. Malchow, J. Kriz. Springer, Berlin, pp. 505-515

http://www.virtualknowledgestudio.nl/staff/andrea-scharnhorst/documents/constructing-knowledge-landscapes.pdf
http://www.virtualknowledgestudio.nl/staff/andrea-scharnhorst/documents/constructing-knowledge-landscapes.pdf


Innovation matrix



Kraftstoff-

Innovation

Antriebs-

Innovation

Diffusion

Cluster 1

Cluster 2

Cluster 3
Cluster 4

Cluster 5

Benzin-VM

F1/2

CGH2-VM 

F1/15

Benzin

Voll-Hybrid

F6/2

Strom-

Batterie

F7/13

CGH2-BZ

F8/15

Innovation landscape

Possible trajectories?

Critical mass/population?



Function of the model

ÅRelated to concepts innovation theory

ÅUsed as tool to order and interpret 

qualitative data

ÅUsed as tool to develop quantitative 

indicators (critical market size, early 

markets)



Simulation landscape

ÅProject together with Anne Beaulieu, 

and Matt Ratto



Competence project: In search for the best 

interface 



The simulation landscape
Purpose

Method of description for

the underlying model

CONCEPT

Rule based óClosedô description

Metaphoric simulation

Interactive visualization 

of concepts by means of

game rules

Symbolic simulation

Visualization 

of concepts by

means of equations

Philosophical system theory 

Scenarios simulation

Interactive learning  

of complex dynamics

Systems dynamics 

Behavioral simulation

Rule-based description  

of complex dynamics

Computational sociology 

Numeric simulation

Equation based description  

of complex dynamics

Physics of complex systems

Archeology, architecture,

Computational humanities

Visual simulation

Virtual reality

PHENOMENON



Function of the model

ÅRelated to concepts in science and 

technology studies about the role of models 

and simulations in different disciplines and 

different epistemic values

ÅUnderstand better the potential of innovation 

and barriers to use them (for instance virtual 

reality in archeology)



G-Model

(Re-)Generalisation

S-ModelAnalogous space

(Re-)Specification

S-Model
S-Model

ñTrading zoneò ï

Trading epistemic values



Simulation collaboratory at the 

VKS

Simulation of innovation in knowledge
processes

ÅWhat add models and simulations to the 
understanding of innovation?

ÅHow models and simulations are used as 
research instruments to structure research 
agendas, research processes in 
interdisciplinary teams, negotiations?



Current and future activties 

around the simulation 

collaboratory

ÅCREEN (Critical events in evolving networks) 
www.creen.org

ÅThe Heraeus workshop ñPhysics and Evolutionò, 
January 2008, with a stream on modelling social, 
economic and information processes

ÅBook ñ Innovation networksò (with Andreas Pyka, 
Springer)

ÅSpecial issue Journal of Informetrics ñScience of 
scienceò (Concepts and models of science 
development) (wih Katy Börner)

http://www.creen.org/


Visualizing knowldge spaces and landscapes ïlandscapes based 

on networks: Katy Börner, Chaomei Chen, & Kevin Boyack: Visualizing Knowledge Domains. 

In Blaise Cronin (Ed.), Annual Review of Information Science & Technology, Volume 37, Medford, 

NJ: Information Today, Inc./American Society for Information Science and Technology, chapter 5, 

pp. 179-255, 2003.



THANKS!



Knowledge spaces and 

conquering unknown territories

Paul Otlet,  Mundaneum, http://www.mundaneum.be/

ñAlle Kennis van de Wereldò http://www.archive.org/details/paulotlet

Goethe, Faust II
Ein Sumpf zieht am Gebirge hin,

Verpestet alles schon Errungene;

Den faulen Pfuhl auch abzuziehn,

Das Letzte wär' das Höchsterrungene.

Eröffn' ich Räume vielen Millionen,

Nicht sicher zwar, doch tätig-frei zu wohnené.

Courtesy of Charles van den Heuvel

http://www.mundaneum.be/
http://www.archive.org/details/paulotlet
http://cache.eb.com/eb/image?id=10015&rendTypeId=4
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Daten: Erpenbeck 1999

Phenomena: 

Analysis of use of competences in coorporations  under 

different conditions



Frequency

# of persons



Transition rates depending on the degree of 

group interaction/pressure



Occupation, observation

Fitness, value

evaluation

See: Scharnhorst, A. (2001) Constructing Knowledge Landscapes within the Framework of Geometrically Oriented Evolutionary Theories. In: Integrative Systems 

Approaches to Natural and Social Sciences. Ed. by M. Matthies, H. Malchow, J. Kriz. Springer, Berlin, pp. 505-515


